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Automated method for cell volume determination 



Field of the Invention 

This invention relates to automated study 
and characterization of biological materials, and 
more particularly to automated methods for 
determining cell volume. 

Background and prior art 

In many areas of biology and medicine, it is 
important to know the volume of a cell. For 
example, the mean cell volume (MCV) of 
erythrocytes is a standard hematological para- 
meter used in the diagnosis of disease. 

A conventional and rather straightforward 
method which has been used to determine 
mean volume of cells in a suspension, such as 
blood, is to sediment the cells and measure the 
total volume of the cell suspension and the 
volume occupied by the packed, sedimented 
cells. Cell concentration is measured by inde- 
pendent means, and mean cell volume is calcu- 
lated as the packed ceil volume divided by the 
product of total volume and cell concentration. 
This method is reasonably accurate, but not 
sufficiently so for certain high accuracy applica- 
tions, which require that corrections be made 
for liquid trapped between the packed cells. 
Furthermore, the method itself is tedious and 
lengthy. 

The prior art also includes approaches to 
improvement on the suspension-packing 
approach to cell volume measurement, by utiliz- 
ing flow through cell analyzers, also known in 
the art as flow cytometers. Various types of 
these approaches are shown in the prior art, 
including U.S. Patents 3,275,834 to Stevens, 
and 2,565,508 to Coulter. These are intro- 
duced to improve on the speed and precision 
with which cell volume measurements can be 
made. 

In flow cytometric instruments, cells in 
suspension pass through a sensing zone which 
provides signals related to various cellular 
properties. Generally, cell concentration is low 
enough so that only one cell is in the sensing 
zone at any time. In systems exemplified by the 
Stevens patent, the sensing zone is defined by a 
light beam, whereas in systems exemplified by 
the Coulter patent, the sensing zone is an elec- 
trical impedance sensing orifice. When the 
sensing zone is a light beam, conventional 
approaches to flow cytometric cell volume 
typically utilize light scattering or extinction as 
measures of cell size. These optical signals, 
however, also depend on cell shape and refrac- 
tive index, as well as ceH volume, thereby intro- 
ducing potentiality for error. In systems utilizing 
an electrical impedance sensing orifice as the 
sensing zone, change in orifice impedance is 
used as measure of cell volume, and this 
approach involves Inherent error depending 
upon the shape and the electrical resistance of 
the cell. Accordingly, present flow cytometric 



approaches to measurement of cell volume are 
generally characterized by deficiencies intro- 
duced by cellular properties other than volume 
which simultaneously are sensed and which are 

5 difficult to isolate, evaluate, and thereby cor- 
rect. For example, utilizing either of the 
approaches disclosed in the foregoing Coulter or 
Stevens patents makes it likely that two cells of 
equal volume but different shape may be 

w erroneously measured as having two different 
cell volumes. 

It is accordingly a primary object of the 
present invention to provide an automated cell 
volume determination method which avoids the 

15 need to sediment cells from the suspension, and 
which obviates errors occasioned by incomplete 
sedimentation packing. It is an associated 
object that the improved method be brief, 
simple, and essentially quantitatively repeat- 

20 able. 

It Is also an object of the present invention to 
utilize flow cytometric apparatus for the auto- 
mated measurement of cell volume, but in a 
fashion which eliminates or substantially 
25 reduces the dependence of actual cell volume 
measurement on other cellular properties such 
as shape, refractive index, and cell impedance. 

Summary of the invention 

30 The principles of the present invention as 
claimed are grounded on the proposition of 
utilizing fluorescent volume exclusion in optical 
flow cytometers. In accordance with the prin- 
ciples of the present invention, cells are 

35 suspended in a medium containing a fluores- 
cent dye, which exhibits a fluorescence 
response to selected light stimulation and which 
neither enters into the cells nor attaches to cell 
surface. The cell suspension is passed through 

to an optical sensing zone in which the cell 
suspension is formed into a sample stream, said 
zone being illuminated by said selected light 
stimulation. The sample stream is larger in 
diameter than the cells, but sufficiently con- 

45 stricted to pass cells in the sample stream indi- 
vidually through said zone. The wave length of 
the light which illuminates the sample stream is 
chosen so that the fluorescent dye in the sample 
stream is sufficiently excited. Reductions in 

50 fluorescent light from the sample stream are 
detected. As in conventional flow cytometric 
approaches, the sensing zone is defined by the 
intersection of the sample stream and the 
focussed light beam. In accordance with the 

55 effects of the present invention, however, when 
a cell is absent from the sensing zone, the dye in 
the sample stream produces a steady level of 
fluorescent light, which in turn, produces a 
constant output from the detector. When a cell 

60 enters the sensing zone, a volume of fluorescent 
dye equal to the volume of the cell is excluded 
from the sensing zone, and the intensity of 
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fluorescent light emitted from the sensing zone 
is reduced accordingly. This reduction In 
fluorescent light is registered as a decrease in 
the output of the detector. When a cell passes 
through the sensing zone, it produces a pulse 
whose amplitude Is therefore proportional to the 
volume of the cell. 

Description of the drawings 

Fig. 1 shows a stylized version of a commer- 
cially available flow cytofluorometric appa- 
ratus; and 

Fig. 2 shows an exemplary cell volume distri- 
bution for human erythrocytes developed in 
accordance with the principles of the present 
invention. 

Best mode for carrying out the invention 

Referring first to Fig. 1, there is shown a 
stylized functional and structural representa- 
tion of apparatus which may be utilized in 
accordance with the principles of the present 
invention. In fact the apparatus of Fig. 1 depicts 
a particular system available commercially 
under the trade designation Cytofluorographic®, 
which Is sold by Ortho Instruments, 410 Uni- 
versity Avenue, Westwood, Massachusetts 
02090. The apparatus of Fig. 1 incorporates the 
principles of flow cytometry for cell analysis, 
and includes capacity for sensing cell fluor- 
escence response to specific types of 
Illumination. 

Focal to the Fig. 1 apparatus is a flow chan- 
nel 106, wherein cells in liquid suspension are 
passed, in single file and at a rapid rate (e.g. 
2500 cells per second) through a sensing zone. 
The sensing zone is defined by the intersection 
of ceil flow and an incident light beam, typically 
focused coherent light from a gas laser. As the 
cell passes through the sensing zone, it inter- 
acts with incident light in a variety of ways. 
Some light of course, is absorbed by the cell, 
other light is scattered at relatively narrow 
angles to the axis of incident light, and still other 
light is scattered at angles quite divergent from 
the axis of incident light, for example at right 
angles to the incident light. Furthermore, 
depending upon the nature of the cell itself, and 
any dyeing or staining to which the cell may 
previously have been subjected, fluorescence 
emissions may also occur. 

In conventional operation, photosensors 
located at various orientations with respect to 
the cell stream and the incident laser light 
permit detection of a set of responses <for each 
given type of cell. Thus Fig. 1 includes an argon 
ion laser 101 and a helium neon laser 102, with 
the coherent light emitted by each being 
variously deflected via mirrors 103 and 104 and 
a lens 105 to the sensing zone of the flow chan- 
nel 106. As is known in the art, the cell sample 
stream is carried In laminar fashion within a 
flowing fluid sheath, to insure that but a single 
cell will be illuminated in the sensing zone at a 
given time. Hence, as each cell is illuminated by 



light from the lens, interaction of the cell with 
the light may be sensed. 

As shown in Fig. 1, an extinction sensor 108 
detects the amount of light blocked by the cell, 

? and forward light scatter is detected by photo- 
sensors 109 and 110 approximately in a cone 
of half-angle 20°. Electrical signals generated 
by the sensors 1 08, 1 09 and 1 1 0 are coupled 
to amplifiers 120 and 121, which present elec- 

o trical signals of suitable amplitude and the like 
for subsequent analysis anchor display. 

In the apparatus of Fig. 1, light which is 
emitted from the cell by virtue of a fluorescence 
response is sensed at right angles both to the 

5 direction of cell flow and to the axis of incident 
light A spherical mirror 125 and a condenser 
lens 107 collects this light approximately in a 
cone of half-angle 20°, and couples this light 
through an aperture 111, successively to a 

7 0 dichroic mirror 1 1 2 and to a second mirror 1 1 3. 
A first color filter 114 (e.g. to pass relatively 
long wavelength light such as red) conveys 
select light from the dichroic mirror 112 to 
photosensor 117 (e.g. a photomultiplier tube). A 

is second filter 115 selectively passes light of a 
different color (e.g. relatively short wavelength 
light such as green) from the second mirror 1 1 3 
to a second photosensor 116. Electrical signals 
from sensors 1 1 6 and 1 1 7, in the form of pulses 

30 corresponding to light from respective cells, are 
coupled to amplifiers 1 1 8 and 1 1 9, thereby also 
to produce signals which are adapted for 
processing. 

As shown in the Fig. 1 embodiment, a sensor 

35 selector 122 generates output histograms uti- 
lizing signals from the amplifiers 1 18 through 
121 . For example, one useful form of output is a 
plot of amplitude of red fluorescence, from 
. sensor 1 17, against amplitude of green fluor- 

40 escence, from sensor 116. Such a histogram Is 
shown at display 123> with each point on the 
histogram representing an individual cell. 
Clusters or aggregates of indicators on the 
histogram represent groups of cells of similar 

45 type. Quite evidently, those of ordinary skill in 
the art find it useful variously to generate histo- 
grams of narrow forward angle scatter versus 
intensity of green fluorescence, narrow forward 
angle scatter versus axial light extinction, and so 

50 forth. 

Typically, the flow cell 106 is constructed 
with flat sections of quartz glass and has a 
specially shaped injection nozzle and funnel to 
insure stable laminar flow of sample and con- 

55 centric sheath. 

Conventionally, then, the signals generated 
by the photomultipliers 1 1 6 and 1 17 are in the 
form of positive pulses which have been emitted 
by illumination of a ceil in the flow channel 1 06 

60 which has been stained by a fluorescing dye. A 
photomultiplier (e.g. 116) will receive from a 
filter (1 1 5) a continuous fluorescent light signal, 
and negative pulses will be coupled to an ampli- 
fier (118) upon passage of a cell through the 
65 sensing zone of flow channel 1 06, which elimin- 
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ates or substantially reduces the fluorescent 
light emitted from the sensing zone. It is prefer- 
able, then, that amplifier 118 be adapted to 
receive negative going, rather than positive 
going pulses. Such adaptation is well within the 5 
routine ability of those of ordinary skill in the art. 

Various dyes or fluorescent macromolecules 
may be suited for the present invention. In a 
preferred application of the principles of the 
present invention, a dye is produced from io 
fluorescein isothiocyanate conjugated to dextrin 
(FITC-dextran) approximately 20,000 molecu- 
lar weight. The large dextran molecules prevent 
the dye from entering the cells, and it is a 
further characteristic that the FITC-dextran does 15 
not adhere to the surface of the cells. 

A suitable concentration for a cell suspen- 
sion is 0.01% to 1% FITC-dextran by weight For 
such a dye, a suitable illumination source is a 
488 nm. light from an argon laser, such as is 20 
conventionally included in the above described 
system commercially known as Cytofluoro- 
graptf*. Illumination of the cell suspension by 
the blue argon laser 101 produces a green 
fluorescent light which passes through dichroic 25 
mirror 112, is reflected from mirror 113 and 
passed through green filter 115, to be con- 
verted to electrical signals by photomultipiier 
tube 1 1 6. 

In accordance with a feature of the present 30 
invention, which is premised on a volume exclu- 
sion technique, the fluorescent sample stream is 
to be larger in diameter than the cell sus- 
pended in it. Otherwise, passage of a larger cell' 
through the optical sensing zone would result in 35 
an exclusion of but part of the total cell volume. 
Given a sensing zone wherein the sample 
stream is properly larger than the cell 
suspended in it, the fraction of sensing zone 
volume excluded by the cell may be repre- 40 
sented in terms of the height of the laser beam 
intersecting the sample stream, the diameter of 
the sample stream, and the volume of the cell 
such that the exclusive volume fraction is the 
ratio of cell volume to the product of laser beam 45 
height and the sample stream cross sectional 
area. If the light intensity is uniform across the 
laser beam, the excluded volume fraction is 
directly proportional to amplitude of the fluores- 
cent volume exclusion pulse. In the more likely so 
event, the illuminating laser beam does not 
have uniform intensity across its cross section, 
for example employing a Gaussian intensity 
distribution, with greater intensity at the center 
and reduced intensity along the periphery. In 55 
such instance, it is preferable and more accur- 
ate to measure not only the amplitude of the 
fluorescence volume exclusion pulses, but 
furthermore to accumulate the integral of such 
pulses (i.e. the area under the amplitude vs. 60 
time representation of the pulse). The integral of 
the fluorescence volume exclusion pulse repre- 
sents an averaging of fluorescence volume 
exclusion signal as the cell is scanned by the 
non-uniform iaser beam. For many applica- 65 



tions, the integral of the volume exclusion pulse 
is a preferable measure of cell volume. 

In the event that it is desired to employ the 
integral of the pulse, rather than simply the 
amplitude, it is well within the capability of 
those of ordinary skill in the art that the asso- 
ciated amplifier circuitry such as 118 in Fig. 1 
be adapted to integrate pulses presented via 
channel 2 from photomultipiier tube 1 16. 

Typically, utilization of fluorescence volume 
exclusion pulses as an index of cell volume 
results in a rather low signal to noise ratio. For 
example, referring to Fig. 2, there is shown a 
distribution of integrated fluorescence volume 
exclusion pulses for human erythrocytes utiliz- 
ing the FITC-dextran conjugate, as described 
above, as an addition to the blood. In Fig. 2, 
wherein the abscissa represents the integrated 
pulse amplitude and the ordinate represents the 
number of events, or cells having the corres- 
ponding integrated pulse amplitude, a sharp 
cutoff is exhibited at the lower end of the inte- 
grated pulse amplitude axis, which is an artifact 
of the electronics utilized in systems of the type 
exemplified in Fig. 1. By comparison, conven- 
tional wisdom holds that the actual volume 
distribution for human erythrocytes is a sym- 
metric and approximately Gaussian distribution. 

These observed and theoretical distribution 
characteristics may be quantitatively observed 
by defining the coefficient of variation (COV) as 
the ratio of standard deviation to mean. If the 
signals were noise free, the COV of the Fig. 2 
distribution would be 0.1 5 to 0.2. {Noise in the 
signals tends to increase the COV.) For the Fig. 
2 data, the actual COV is approximately 0.8. 
Hence, from Fig. 2 and associated analysis, the 
signal is seen to be quite noisy, thereby pre- 
senting some difficulties in accurately control- 
ling the fluorescence integrating and analyzing 
electronics, and interpreting the data generated 
thereby. 

Utilization of fluorescence volume exclusion 
pulses as a measurement of cell volume may be 
enhanced significantly by utilizing an independ- 
ent signal from the cell to trigger or gate the 
fluorescence Integrating and analyzing elec- 
tronics. Such independent signals may be, for 
example, low angle scatter at sensors 109 and 
1 10, or wide angle scatter via mirror 1 12 and 
photomultipiier tube 1 1 7, providing that mirror 
1 12 and filter 1 1 4 is adapted to sense scatter 
(e.g. blue light) as opposed to sensing fluores- 
cence components. In fact, the data shown in 
Fig. 2 were obtained by triggering the fluores- 
cence and analyzing electronics with a low 
angle light scattering signal obtained simul- 
taneously with the fluorescent signal as a cell 
traverses the laser beam. In other words, refer- 
ring to Fig. 1, detection of light at 109 and 1 10, 
which has been scattered by a cell passing 
through the sensing zone, is utilized via ampli- 
fier 120 to enable or gate the sensor selector 
122 then to receive and process fluorescence 
data from amplifier 118. Alternatively, similar 
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gating may be employed via a wide angle 
scatter signal from amplifier 1 1 9. 

Noisy fluorescence volume exclusion signals 
can be also used quite precisely to measure the 
mean cell volume of a cell population if a suffi- 
cient number of cells is analyzed. In accordance 
with such an approach, well-known statistical 
relationships may be utilized to determine the 
precision of the mean of the measurement. For 
example, the mean integrated volume exclu- 
sion signal may be determined with a precision 
of 1% and a confidence level of 99%, if the 
signal distribution has a COV of 0.8 and if 
50,000 cells are analyzed. Likewise, the mean 
can be determined even more precisely if more 
than 50,000 cells are analyzed. 

It is possible that under certain conditions, 
spurious artifacts may be entailed, and high 
levels of accuracy may require compensation for 
these artifacts. 

First, the signal, may be influenced by 
incident or fluorescent light that is scattered or 
absorbed by the cell. Although such scatter and 
absorption generally will be minimal, their effect 
can nevertheless be reduced. Scatter effects 
can be reduced by, as nearly as possible, match- 
ing the indices of refraction of the sample and 
sheath fluids in the flow channel 106 with the 
index of refraction of the cell. Absorption effects 
can be minimized by judicious choice of 
excitation and emission light wavelengths. 

Second, high accuracy determinations may 
be influenced by artifacts associated with dis- 
turbance of the sample stream due to the 
presence of the cell. If the sample stream dia- 
meter is only slightly larger than the cell, a posi- 
tive polarity fluorescence pulse may follow the 
negative polarity fluorescence volume exclu- 
sion pulse. Generally, the following positive 
pulse will be larger, and the negative exclusion 
pulse will be smaller, as the cell diameter 
approaches the size of the light-flow sensing 
zone. 

in the extreme case of a very small sample 
stream, the fluorescent volume exclusion pulse 
may be negligible, while the trailing positive 
pulse may be rather large. Accordingly, know- 
ledge of the sort of cells being measured, and 
their relative range of diameters, allows for 
selection of a stream size whereby trailing posi- 
tive fluorescence pulses may be minimized, and 
the accuracy of the integration of negative 
fluorescence exclusion pulses will thereby be 
preserved. Less desirably, electronic observa- 
tions and gated corrections may be empJoyed to 
eliminate the undesired effect of trailing posi- 
tive pulse artifacts. 

it is understood that the foregoing sets forth 
preferred and illustrative embodiments of the 
principles of the present invention. 

Claims 

1. A method of evaluating cell volume in a 
sample of biological cells comprising the steps 
of: 



a) suspending the cells of said sample in a 
medium including a dye which exhibits a 
fluorescence response to selected light 
stimulation, and which is non-penetrating 

5 and substantially non-adherent to said cells; 

b) passing the resulting suspension through an 
optical sensing zone by forming said suspen- 
sion into a sample stream flowing through 
said zone, said stream being larger in dia- 

w meter than said cells but sufficiently con- 
stricted to pass but one cell at a time through 
said zone, said zone being illuminated by said 
selected light stimulation; 

c) detecting reductions of fluorescent emis- 
15 sions from said sensing zone occasioned by 

passage of cells through said zone; and 

d) evaluating cell volume based on the ampli- 
tude of said detected reductions of 
fluorescent emissions. 

20 

2. A method as claimed in claim 1 wherein 
said detecting step includes generating a pulse 
signal representing fluorescent emission ampli- 
tude from said zone, and said evaluating step 

25 comprises integrating said pulse signal, to pro- 
duce a signal, representative of mean cell 
volume. 

3. A method as claimed in claim 1 or claim 2 
and further including the step of detecting light 

30 scattered from cells in said zone in response to 
said selected light stimulation, performance of 
said detecting and evaluating steps being con- 
ditioned on such detection of components of 
said stimulation. 

35 4. A method as claimed in any one of claims 

1 to 3 wherein said dye is formed of fluorescein 
isothiocyanate conjugated to dextran. 

5. A method as claimed in any one of claims 
1 to 4, wherein said zone is illuminated with 

to focused coherent light in the blue color range. 

6. A method as claimed in any one of claims 
1 to 5 wherein said passing step includes form- 
ing said sample into a laminar flow enclosed 
within a flowing carrier, wherein the optical 

<5 indices of refraction of said medium and of said 
carrier are matched to the index of refraction of 
said cells. 

Patentanspruche 

50 

1. Verfahren zur Bewertung des Zell- 
volumens in einer Probe biologischerZellen, das 
folgende Stufen umfaSt; 

55 a ) Suspendieren der Zellen der Probe in einem 
Medium, das elnen Farbstoff enthalt, der elne 
Fluoreszenzreaktion auf eine ausgewahlte 
Licht-Stimulation ergibt, und der in die Zellen 
nicht eindringt und irh wesentllchen nicht 

60 darauf haftet, 

b) Fuhren der resultierenden Suspension durch 
eine optische Sensorzone durch Formen der 
Suspension zu einem Probenstrom, der durch 
die Zone fllefct, wobei der Strom einen 

65 groSeren Durchmesser als die Zellen auf- 
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weist, der jedoch ausreichend verengt ist, dafc 
jeweils nur eine Zelle durch die Zone ge- 
langt, wobei die Zone durch die ausgewahlte 
Llcht-Stimulation beleuchtet wird; 

c) Feststellen der Verringerung der Fluor- 
eszenzmissionen aus der Sensorzone, die 
durch den Durchtritt von Zellen durch die 
Zone bewirkt wird; und 

d) Bewerten des Zellvolumens, basierend auf 
der Amplitude der Festgestellten Verringer- 
ungen der Fluoreszer.zemissicnen. 

2. Verfahren nach Anspruch 1, bei dem die 
Bewertungsstufe die Erzeugung eines Impuls- 
signals umfafct, das die Fluoreszenzmissions- 
Amplitude aus der Zone reprasentiert, und die 
Bewertungsstufe die integration des Impulssig- 
nals umfaBt, um ein Signal zu ergeben, das 
reprasentativ fur das mittlere Zellvolumen ist. 

3. Verfahren nach Anspruch 1 oder An- 
spruch 2, das daruber hinaus die Stufe der Fest- 
stellung des von Zellen in der Zone als Reaktion 
auf die ausgewahlte Lichtstlmulation gestreut- 
en Lichts umfaftt, wobei die Durchfuhrung der 
Feststellungs- und Bewertungsstufen auf dieser 
Feststellung von Komponenten der Stimulier- 
ung beruht 

4. Verfahren nach einem der Anspruche 1 bis 

3, bei dem der Farbstoff aus Fluorescein-iso- 
thiocyanat, konjugiert an Dextran, gebildet ist. 

5. Verfahren nach einem der Anspruche 1 bis 

4, bei dem die Zone mit gebundeltem kohar- 
entem Licht im blauen Farbbereich beleuchtet 
wird. 

6. Verfahren nach einem der Anspruche 1 bis 

5, bei dem die Durch I auf stufe das Formen der 
Probe zu einer laminaren Stromung, die in einen 
Stromungstrager eingeschlossen ist, umfaRt, 
worin die optischen Brechungsindices des 
Mediums und des Tragers dem Brechungsindex 
der Zellen angepaBt sind. 

Revendications 

1. Proc6de pour ^valuer te volume cellulaire 
dans un echantillon de cellules biologiques 
comprenant les etapes consistant a: 

a) mettre en suspension les cellules dudit 
Schantillon dans un milieu comprenant un 
colorant pr§sentant une reaction de fluores- 



cence a une stimulation lumineuse choisie, et 
qui ne pgndtre pas dans lesdites cellules et 
n'y adhere pratiquement pas; 

b) faire passer la suspension obtenue a travers 
5 une zone de detection optique en forma nt un 

courant de ladite suspension-6chantillon 
s'Scoulant d travers ladite zone, ledit courant 
6tant de dlametre supe>ieur a celui desdites 
cellules mais suffisamment etrangl£ pour ne 
io laisser passer qu'une cellule a la fois a travers 
ladite zone., ladite zone 6tant irradi6e par 
ladite stimulation lumineuse choisie; 

c) d^tecter les reductions des Emissions fluores- 
centes a partir de ladite zone de detection 

15 occasIonnSes par le passage de cellules a 
travers ladite zone; et 

d) ^valuer le volume cellulaire sur la base de 
I'amplltude desdites reductions d6tect§es des 
emissions fluorescentes. 

20 

2. Precede selon la revendication 1 ou ladite 
etape de detection implique de generer un 
signal par impulsions repr£sentant I'amplitude 
de remission fluorescente a partir de ladite 

25 zone, et ladite etape devaluation implique 
d'int6grer ledit signal par impulsion, pour 
produire un signal repr§sentatif du volume 
cellulaire moyen. 

3. Proced6 selon Tune des revendications 1 
30 ou 2 et comprenant en outre I'etape consistant 

a detecter la lumiere diffus§e provenant des 
cellules dans ladite zone en reponse a ladite 
stimulation lumineuse choisie, la realisation 
desdites etapes de detection et devaluation 
35 etant conditlonnee par ladite detection de com- 
posants de ladite stimulation. 

4. Proc6d6 selon Tune quelconque des reven- 
dications 1 a 3 ou ledit colorant est forme d'iso- 
thlocyanate de fluoresceine conjug£ a du 

40 dextrane. 

5. Procede selon Tune quelconque des reven- 
dications 1 a 4 ou ladite zone est irradiee par de 
la lumiere coherente focalisee dans la gamme 
de couieurde bleu. 

45 6. Procede selon Tune quelconque des reven- 
dications 1 a 5 ou ladite etape de passage 
implique de former ledit echantillon- en un flux 
laminaire inclu dans un support qui s'gcoule, les 
indices de refraction optique dudit milieu et 

so dudit support 6tant r6g!6s en fonction de I'indice 
de refraction desdites cellules. 
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